Objective: Primary open angle glaucoma (POAG) is an important cause of blindness. Evaluation of retrobulbar hemodynamic may be helpful in determining the progression of POAG and normal tension glaucoma (NTG). In this study, we examined flow rates and resistivity indices of retrobulbar arteries by color Doppler ultrasonography (CDUS) in patients with POAG and NTG.
Introduction
Primary open angle glaucoma (POAG) is an important reason to cause blindness (1) . Capillaries that cause optic nerve ischemia in the glaucomatous intraocular pressure result in an increase in optical nerve damage through microinfarction and loss of potential visual field. POAG and normal tension glaucoma (NTG) are a group of diseases of unknown etiology with multifactorial causes. Inheritance and some environmental factors may be involved in etiopathogenesis and they can result in visual loss if untreated (2) .
The progression of injury of optic nerve head in NTG and POAG patients has brought about the perfusion properties of the optic nerve head. To evaluate retrobulbar blood flow, various methods have been developed. by color Doppler ultrasonography (CDUC) is a noninvasive, easily applicable, reproducible and comparable method (3) .
In this study, we evaluated retrobulbar vasculature with CDUC parameters in POAG and NTG patients and investigated the pathological changes. We tried to reveal the role of CDU on pathophysiology and diagnosis of these diseases and in the clinical follow-up of these patients.
Materials and Methods
This study was prospectively performed in the Department of Radiology of Vakif Gureba Hospital. An ethical approval was taken from the local ethics committee.
Forty glaucoma patients, admitted to the radiology clinic within 6 months, were evaluated.
The diagnosis of POAG was made according to the following criteria in the Department of Ophthalmology of our hospital:
1. Glaucomatous optic nerve head appearance; 2. In the repeated visual field tests, the local visual field losses areas were normal and no complaints regarding the visual field were present; 3. Intraocular pressure higher than 21 mm Hg in repeated periodic measurements.
In all of the NTG patients, visual field deficits and glaucomatous optic disc findings were present, and the intraocular pressure was below 21 mmHg.
The patients whose carotid arteries were narrowed over than 70% in carotid CDUS examination were excluded from the study to exclude possible changes in retrobulbar blood flow.
The rate of presence of hypertension was not significantly different in the glaucoma groups.
All patients in the POAG and NTG groups were evaluated by CDUS 20 days after the drugs were discontinued in order to prevent any possible change in retrobulbar blood flow for the drugs used to treat topical beta-blocker therapy.
Total 55 cases were included in the study, 15 of them were in the normal control group, 30 were in the POAG group and 10 were in the NTG group. The age and gender distributşon of the groups were given in Table 1 . In the analysis of each vessel, the spectral evaluation (the three consecutive waveforms of the same shape, the strongest signal obtained) was chosen as the correct spectral sample.
To examine the ophthalmic artery, the "sampling interval"
(the selected segment of the vessel lumen width over the transmitted sound beam for spectral analysis) was applied immediately to the nasal side of the optic nerve in where it crossing the ophthalmic artery. The sample volume (4-6 mm) 
Results
There was no statistically significant difference in terms of gender and age between the groups.
We found our study to be safe in terms of reproducibility (Table 2 ) because the PSV and the RI of the vessels examined in normal subjects showed a coefficient of variation of 14%. The
RIs of all three vessels showed a constant coefficient of variation, and the coefficient of variation obtained from the EDV was about twice that of the PSV.
Values calculated for the same vessels are widely presented in patients with POAG and NTG. The values of the measurements were given in Table 3 . When the POAG group was compared with the normal group, the mean EDVs of the CRA and PSA were significantly lower and the mean RIs were significantly higher (p<0.05). The mean PSVs of CRA and temporal short PCA were significantly lower (p<0.05) There was no significant difference in the PSV, the EDV and the RI measurements of the OA in the POAG group than measurements of the normal group.
The mean PSV and EDVof the CRA in NTG group were significantly lower than the normal group. The mean EDV of the temporal short PCA was significantly lower. The RI measurements at CRA and temporal short PCA were found to be higher than normal group measurements. The mean PSV and the mean EDV of the OA in the NTG group were lower than to be in the normal group, but the difference was not statistically significant.
Statistical comparison between the POAG group and the NTG group showed no significant difference in the mean EDV and the RI of OA and CRA. In the POAG group, the EDV of the temporal short PCA was not statistically significant, although it was lower when compared with the NTG group (p=0.625).
The mean EDV and RI of the OA were not statistically significant between two glaucoma groups.
In summary, the PSV and the EDV of the CRA and temporal short PCA were significantly lower in the POAG and the NTG groups compared to normal subjects. However, the RI was significantly increased in both glaucoma groups compared to the normal group. The measurements of the OA were not significantly different between all three groups.
Discussion
In this study, generally accepted vascular parameters were investigated in the patients with POAG and NTG. In the evaluation of the CRA and the short PCA, decrease of the EDV and increase of the RI values in the POAG and the NTG groups were notable. In some studies, decrease in the PSV measurements in these vessels was observed, but decrease in the EDV values was more striking (7) . In some studies, the OA assessments showed a decrease in the EDV and an increase in the RI (8) . The anatomical course of the CRA in the optic nerve makes it easy to find and to measure, therefore the accuracy of the measurements made from this vessel is high, but the same thing may not always be valid for PCA. Anatomical course of short PCA is very tortuous (11) . For this reason, it is not easy to follow the direction of these vessels and to determine the Doppler angle. Therefore, the RI which is independent of the Doppler angle in short PCA should be accepted as the most reliable measurement parameter (4). 
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